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BUENING, \lILn)ltEI) K., AN5) 1’RANKLIN, \IICHAEL II. : Liniijtmiticunis ins flit’ usc’ tof flit’ 340

nun’s ahstonl)mlnc’c’ n’saxims’sunu of nc’dnced suiccotin’smunisic!o’ aclo’n’sisso’ c!insuc’lo’otide phiosphsmito’

for f hue do ‘f o’nn’sitsafioi’s tol tixidat join’s nat-c’s mimic! st ooio’hio uni’so’t nv c!innissg rat ho’pmit ic nusio’no-

soinsual ssit’tmul)Ohisnsi. _IJOl. Plia-rinacol. 10, 999-1003 (1974).

During nat huo’patic ns’sicroson’sal oxidative ss’st’tabcihiss’s’s NA1)PH nuouf ousuly is uoxiclized tci

NADP+ but is alsuu c’leavo’d to neducc’d s’sicotin’san’siclo’ is�ommuounuuo’lo’cotic!o’. ‘Flit’ 340 tunis muhsonb-

ance s’s’saxin’suns’s of N1#{176}OINHinterferes ‘svith’s flit’ usc’ oil flit’ 340 nu� mibscunl)atsc’o’ as m’snio’musnno’ iii

NADPH oxidations . ‘Flit’ pynciphioisphitut misc’ respcusssible four NAI) PH o’lo’avago’ c’mims c!est nov

:30 #{182}�cml flit! addo’d NADI�H is’s the ahso’s’scc’ of o’xougo’n’soius siiixo’c!-linnsc’tiomni ooxiclase sunlustnmutc’s

iii si’sicnt-sonsit’s fron’s plio’niuuharbital-fnemuted nuts. it is itshsibifo’c! m’sbouut 75 #{182}hiy 2 ssnn 5’-A?uIP

and 25 ni�i suodiuns’s 1)�’ntoPhso)sPluaft’ an’sd about 30 � b�’ 10 m�m sooc!iinn’si finonido’. ETsinig l)Y1’o-

pliospliatase insluibitcirs, mind allo’sving loin the turbidity o’nih’satuco’sust’nut oil flit’ 340 nm�s tubsoonb-

ance, flit’ stt)ichion’so’fny cob NADPH tuxjchizc’d tom oxvgt’n’s c’ommusunuo’d m’sppnom’sc’hso’s I : 1, o’sjuo’ciall�’

jti flit’ pneso’nsc’o’ of o’xogo’m’st-oims niixo’d-furuc’tior’s oxidmiso’ snl)strmutc’s.

St udies of stoiicl’sio usi’sc’t nv diii big mu’sicno-

sos’sual nuixed-functioom’s ouxidaticonus ‘s’s’oould he

greatly facilitated ii cham’sges in abscurbas’sce

at 340 sun’s is’s m’suicnosonsal suspeu’ssioun could

he dirc’ctly nt’lated to NAD1�H oxidation

rates. With tlie Asi’sissct-i I)W-2 UV-VIS spec-

t no )phc)tometen, ahsoinption spo’c’t na tul f unbid

solutions in flue imitnavioulet- nt’gios’s o’asu be

resolved, amid direct measunnensent- 0)1 the 340

flu’s ab)sorhmus’sce oil reduced i�’riditie ssuc’lc’oo-

tides is’s micrososiimi-! sunspesusicinus is poossib)ie.

This work was suppo)rted by Gram’st GM 00153

from the United States Public Health Servio’e.
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Hcu’svc’vo’n, lin’s’sifatioius is’s flit’ use oof flit! 340

mmii’s absoonhasuco’ ns’smixinssnns’s Ion flit’ do’to’r-

nu’siiuatitusi ouf t-uxida-t-ive rmutc’s oil NAI)PH is’s

stcuichionsio’tnic sf unchies nuiunsf ho’ c’oosusic!o’ro’d.

Dunisig NAI)PH ooxidatitmuu iii nmut h’so’patit’

nu’sicncusouni’sms,l suspo’nssioosss mu l)tontiooss 0 ii mi nt’-

duc’o’d l)�’nidiiit! msint-’lt’t of j(!t’ wa-s nc’lnmic’toiny ft-i

O)Xidmifitili (Fig. 1A). A sigiuilic’muit no’siduai

ab)stonlualuc’o’ at 340 sin’s t’o’nssmuisst’ch muf’tt’r tu!l

c’huaiugt’s iii flit’ milmsomrbmuuc’o’ m’siaxiniuus’s’s hunch

co’misec!. ‘Flit’ munsionnnut oil 340 sun’s mubsounbausce

‘s’s-hich rc’nuiaimsec! ‘svtus Iuntui)tortiOlumil tcu flue
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FIG. 1 . Disappo?art-1100-e (u,f .\A 1)?!! ab.s-orluanc-e at 340 mono Iii no io-ro.�(ui1mal .s-mI.’ipeii.’�-ionnc

Liver isiicrosounnes froonis rats t reated wit Is iulsemitmbarbit al were stnspensded at 2 mug ouf Iirmmt ci mo per nisilli -

liter (c�-t-ooo’hronuue P�45(), 4.8 u’st ) imo 50 mss’st Tris-c’hlooride butler (p1-I 7.4) o’oomit ainsinsg 150 lOOM KC1 amsd 10

5iiM rui�Ch. The absourluanut’e clsamsges were nu’somnit-oored wills tins Ansuimuc’oi I )%V�2 U\’-VIS speo’troophotomu’seter

in the split-beans’s nsuoode. NAI)PU was added iou the o’ountents (of time saisml)Ie cuvette, sonsd the recording was
initiated (curve mit 0 mssims). Additioomsah reeourdinigs were nsuade at 1 , 2, 3, 4, 5, amid 15 nisins. A. The absctrbtono’e

cloansges ins t lie absenso’c’ mof 5’-A\IP. B. (‘lsamsges ins the presemio’e of 2 niuu 5’-AI\IP.

cos’sc’t’nstrmufioons oil NAI)PH muddc’d too flit’

nsicro 050 unsai sinspo’n isit iii is’sif ia.liy.

Rmuf liver musit’ ro osonsit’s coin ‘stain mi pyroplios-

pliatase c’apabio’ cob t-’lo’avinug NADPH to

reduc’ech ulict)t inumunuuidc’ suit inst unuc’leo utide and

2’ , 5’-A\t P (1 , 2). ‘Fhuis t’s’szu’msuc’ is isihihited

by 5’-AM P, soodiunsu pyrtu�)hospliatt’, asud

sodiunuu fluourido’ (2). \Vl’sen flit! coxidafion of

NAI)PH ‘s’s’mus o’xmusssisst’d iss flit’ prc’senc�’ oil

theso’ j�’no iphit-isphitut mist’ isuhibitcurs , residual

340 minis muhsorhamsc’o’ ‘svmis c!ec’rc’muso’ch by 75 %

is’s the pnt-’st’m’sc’o’ oil 2 nsi�n 5’-A\-IP tot 25 isus

sodiinnii j)yrol�)hioosph’safe, amid by 30 #{182}�in the

presesuce oil 10 su’s�n st-ucliunn’s flnounidc’ (Fig. 2).

Sim’st’e N)OINH humus muss mibisourbai’sce ms’saxin’suni

mit 340 �sns�, it d’asim’sOt bo’ distisuguislied spec-

t-nophut ufonsso ‘f nica!ly Ino ins’s N ADPH. ‘Flius,

‘svho’ss �)ynoi�)htosplimufmust’ is muc’tive its tiiic’t’t-i-

sonsual pro’pm’srmufio onus, sigmiificamst atiiouusufs of

XADI�H niumiy bit’ t’lo’avo’cl tom N.\INH amid s’so

(‘liamige iii absourhim’smico’mit 340 15515 ‘svill be

0l)so’rVt’d (3). ‘Flie diso’rcpasuc’v bet’svc’c’s’s dc’-

terss’siusafioos’s oil XAD1�H In’ es’sz�’s’simutic n’so’fli-

ods and huy s�ut’c’tnoiph’stofcon’so’tnic nsc’tl’stids c’an

be ac’c’ouni’sto’d four liv flit’ foornismutios’s ol NM NH

frons’s NADI�H (4).

Although a range (of cciiueo’sutra-fioosis oil the

pyno opliosphm’stase is’shibitors ‘s’s-mis o’xaiusissed,

the residumul 340 mini’s ab)st-orl)anco’ ccould nout be

c’oss’splc’tc’lv elin’s’siiuat oc! . After nuuit’ntustuss’sal

NADPH ouxidaticoni in’s the prc’seiuce ouf l�’ro-

pliousphiatase ii’shuihitoons, fhc’ absturbasuco’ at

340 ‘sums’s ‘s’sas bouins’sd to) lit’ ill-defined minid

hrtua-d, ‘svifh’s ncu spc’cific’ s’s’saximusuro’s at 340 mii’s’s

(Fig. 1B). Isi am’s attempt to rc’duce this

residual 340 nmuu m’sbsoni)ance, ss’sixed-ius’sction

oxidase sul)sfrafo!s ‘svo’re included is’s 4he

incuhatitusu (Fig. 3). Ii’s flue absenco’ of pyno-

phospliatase jnuiiil)ittors flit’ preso’nuc’e cob the

substrates ro’duc’o’ch flit’ no’sic!ual :340 �sm

absorbansco’, mus o’xpo’o’to’d, siuucc’ flit’ sistine

rapid ouxidaficons oil NADPH dna-isis a larger

perco’msta-ge oil fIst’ NADPH through’s this

pathway, leavisug lo’ss m’svailable Itir flit’ pyro-

plitusjuhafaso’. Ins flit’ pnc’so’i’sc’o’ cml a pyrcuphos.
phataso’ inuhuihitoor, hucowevc’n’, flit’ suhsfrates

had 15(0 o’ffo’t’f- oils flit’ no’sidunmuh 340 minis al)sourh-

auto’, o’vc’ii fhuciunghi diffo’neist NAI)PH ouxida-

fitun’s rmuto’s ‘svo’t’o’ cmbsc’nvc’d ‘svitlu flit’ vmunicuus
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snbstnatc’s. ‘Flit’ icho’sstity t-mf flit’ vo’nv sns’sall

340 ismis absos’bas’sco’ muito’n NAI)PH oixidaticiu’s

in the pnc’sc’m’scc’ oil isuhibitc’d pyr� ophouspliaf ase

activity rt’nsmaisss ooi)sc’uro’. ()tnr usability to

alt-o’r i ts ctunco’nt rmif join’s o’if ho’r by isucreasimug

iuuhihitour coouuc’t’nutnmufiousu oum’ liv ilut’ro!asisug

J � / �o nh-b�tor

//� � �#{149}NsF (�OmM)

t. - - - ,. ,

--. 05AMP (2mM)

0204 06 O8�’�O � (25 mM)

nitial A absorbance at 340 nm (NADPoi)

Fit;. 2. Effe-t of pyrop/m�.opht-ilc inhibitt-ur.s- cuum

re.s-i(iual 340 ui mum bs-ban � follow ii, g on i(TO).S0)fli ai

.VADPH ouxidation

The imsitial :340 nuns’s absourbtunsce inpouns NAI)PH

additiois tumid the residual absorbamsc’e 10 mit’s later

were determ’ssined as described in’s Fig. 3 foor a rtsmsge
of NAI)PH o’oimuo’emutratioonus ins the presence of

several pyr�phtmsphat ase i nohihitcors.

NAD1�H omxicjafios’s nmutes suggo’sfs thimit is’s

fmuct 100 � inuhuibition of li�’t’tmpl’somspl’smuf misc’

s’s’say ho’ oul)tansc’d ‘svifhu2 ni’s�i 5’-A\IP our 25

nui:\1 studiuti’s �)yr(u�)liosphato’.

The rather sur�)nisnig ssiagsuit-udt’ oof �myrci-

phiosphataso’ act ivity imu ss’sic’rososu’ses tnt mmi’s

l)hd’Iioul)miniuitmui-t nc’m’sfec! nmuts rmuisc’d f lie iut ussi-
hihify that isuduc’tiuum’s by I)huo’muoobarbitmil mssay

causo’ tim’s imst’rease in’s j)yropl’scms�)l’smufmuso’ a-c-

tivify. Hou’s’s’c’vo’n, n’sicnouscmn’sc’s Ircuns’s umutnemstc’d

rats h’smucl o’vc’n higho’r lc’vo’ls ouf IiYrtol)hsous-

phuafaso’ micfivify (Fig. 4). .Jt’ffeny timid Mm’s-mu-

s’sc’nissg (4) alsom oohso’rvc’d that ssiic’romscmmssmul

j)yro)j)lituspiuatasc’ muc’tivity wmus hoot- inuc!uno’o’d

l)\’ tro’m’sfms’so’sut ‘s’s-ith’s ph’so’iso)l)minh)ifmul. ‘Flit’ pyn�o-

I)hutisI)h’smitmis(’ imuhibitor 5’-A?s I P muppeturo’c! to
hiavo’ mu gno’afc’r im’sluihuitoury muctitomu in ss’sio’ro-

st)n’sit’s Iroonu’s c’omstrool min’sims’smulsc’ois’spanc’cl ‘svmt-li
thoso’ ‘svhiit’h’s humid hmc’o’ns trt’m’sto’cl with’s ph’so’nso-

bmirhif a-! . �fl’so’ t’xplas’smit it us’s is 1)roobmibl�’ s suit a

diffo’rc’usc’c’ ins o’iszvn’so’ imuhiihititmn, but nmuthut’n

that n’s’sicrosouss’so’s moss’s pluc’sscohani)itmul-tro’mutc’d

rats ccon’stain’s snore o’�’ttmclircinsmc’ P-450 tumid

tlio!ro’boune tint’ mount’ c’apmul)lc’ tof oxidizin’sg

NAI)PH dinning flit’ n’sc’fabolisnu of o’uudog-

t’sut-uuis subsfnmuto’s. Thus, in ns’sit’roscmn’so’s mt-un’s

ph’so’m’so)i)minl)ital-f ro’att’ch rats, mist mc’ oof the

Fit; . 3 . Effet-i 0)f hi ixed-fiu it (t ion (uxi(/t-1.oe s ulu.s�tratc-s (uum no i(-ro.�-ou,uo(zl t-u.ri(lat ion of .\-‘A 1)1’!]

Phemsobarbital -t rented rmst mioyrosions’ses (c”s’toochroimume P-450, 2.44 msnssomles nssg of protein) were sonspemuded

its buffer as described ins Fig. 1. Absorhance o’hanges at- 340 minis were mu’soisitoored after tl’se additiommo oof

NA1)PH (126 �‘sm) amid nsuixed-ftnrso’tiooms ooxiclase substrate (100 u’sn) too smonumpics ins both the absemio’t’ ansol

presetst’e cuf the pyroiphosphatase inhihit-ur 5’-AMP (2 n’s’si).
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FIG. 4. (‘ono-parisoui oof (lis’t-lppearauio-e ouf 340 nun t-zbsorbtiuut-o- of .\�.4 I)PH no iuuicrtm.s-oiumes .fr�uui nutria/ed

an (1 /)heuu obarbilal -trc-ate(/ rats-

rulicroJso)fl’ses from innutreated rats ansd tilsemsoibturbital (PB)-treated rats (o’vtoot’hrounsue P-45t3, 1.24 and

2.40 nsms’stules/n’sg cof prouteino, res�)ectively) were suspended in binifer as clest’rii)ed ins Fig. 1. Absoorbanuce

changes :ot 340 moms’swere muuomsitoored molter the additicums oof 110 �t NA1 )Pl-l tom t lie samistile cmnvette. The

experinssensts were Perfoornuied mi booth the presensce and abseno’e tof 2 mini 5,-AMP.

NAI)PH is chino’c’fo’d thnomughu ouxidative nc’ac-

tit)5u5 rat lion thai’s t lit’ j)yrto�uho isl)hatast’ rt’ac’ -

tioni.

\Vith’s flit’ NA1)PH tnfilizmitiois’s rouinfo’s miscirt’

clearly detin’so’d, flit’ sfooic’hiiomn’s’so’try of

NADPH is’s ro’lmutiosi too omxvgo’nu (‘timid he

itiVt’sf igaf c’d . Ho o’svo‘vo’n, ins nusic�rtuso mnssal sus-

Pt’t’ssit-im’ss chiro’c’t ns’so’musurenuo’m’sf oil XADPH
com’sc’o’nfnmu-tiousu liv flit’ muliscmnliaisce at 340 sin’s

us’as libido ‘ro’d 1)1’ ‘ ‘ f innl)idit v o’nsliamut’emssesst”

( 5). ‘Flit’ gro’afo’r flit’ mu’sicnoosons’smul pr(ut cit’s

eonc’c’nf-rm’stiom’s (it’. , fist’ ns’soure turbid f-he

suspeiusioosss) , flit’ gro’mufo’n ‘s’s_misflit’ ahst-irhas’sce

cibtaii’so’c! Irons’s adchif-ioun’s cub mu givo’n’s ansuouunt

cml NAI)PH. A nuuic’ro)somnuua-l c’coneo’nstrafioos’s of

2 mug oil liromtc’inu P�’n nu’si!hihito’r produc’c’d up to

17 #{182}�o’nih’smunscemsuo’sst is’s flit! range of NADPH

conco’ssfna-fio isis uso’d . Allo’s’s’as’scc’ was sssade

for this fnnl)idit-y ensh’smusuct’msuo’iut is’s the stoi-

chicon’ssefnic’ stindio’s by o’m’slibm�’stious’s oil XADPH

is’s clc’m’sr (huffc’r) soulutiouti.

‘Flit’ stouich’sicumsst’frv oil NAI)PH oixidized to

toxygo’si cois’ssums’st’d ‘svm’ss itiVesfigmit(’d is’s f-lie

presc’i’sc’o’ amid mibso’sut’o’ oof c’t liylnusoirphis so‘ ho utli

with mis’sd ‘svithout- 5’-Ai\IP (F’ig. 5). ‘Flue

amisomusuf of Oxyg(’su c’cusisuns’s(’d is’s ro’latios’s to

NADI�H ‘s’s’a-s less iss flit’ ahusem’st’o’ that’s in the

pnt’sessc’e cml j)yrcophuos�)liafaso’ inhibit ours

(lo’svo’r graphs). ‘i�his ouhsc’rvaficuss t’a1i l)C

ct-irro’latc’d with flit! largc’r mumiiomussts of

XAD1�H cubserved as’ the 340 ntis residual

absourbam’sce of N’MXH (upper graphs). Thus

the pro’sc’s’sco’ oil pyroplio)sphafmi-se inhihitons

na-iso’d the ratiti tub NADPH tuxidizt’d to

oxygo’s’s conusum’s’sed Iron’s 0.83 to 0.93 in’s the

absc’sscc’ oil o’f-liyln’s’sorpluimse (lo’It side) amid

Iromsu 0.95 tO) 0.99 in’s flit’ prc’so’nce ouf ethyl-

siitunph’simut’ (right side). ‘Flit’ prouxin’sity (if this

rafiou to imm’sifv ctumufint’s’ss flit! liypt-utho’sis that

the p�ridil’so! iuuclo’cuf-idase is’s rat livo’r si’sicro-

stum’ss(’s has little c’ffect oms NAII)PH anud

nssa-isulv affo’cts flue oxidized loni’si oil the

m’suclc’o of ide. Nicof is’smumssidc’ blocks the act iou’s

t-I tho’ n’sinc’lo’tufidase (6) bunt clout’s nsoof l)ltmck

l)�roPh’sousPliatase (1, 2).
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FIG. 5. Stouit-hiounetrq of uumi(-rosomal I’s�A DPH oxidation (Suit! OX//Ri/i coum.s-ulnp(io)ui ill the present-c- t-lFm(l

al)seui (-e O)f eth yluuoorplm in e a ii (1 (1 pyrtiph-ci.s-phata.s-e in h-ibitor

Phentobarbi t al -tremuted rat mmmicrosoun’ses (cvtot’hronu’se P-450, 2.36 mum’s’stules - ‘mug (of proutei ns ) were sttspensded

in butler as described ins Fig. 1. \‘arioous anustiumuts tuf NAI)PlJ were added too sminsuphes ins the luresemsc’e amid

absence of 8 t3’sM ethvlni’soorphine boiti’s wit-h (O-O ) aisd wit-hoot- (�- - -�) 2 ms’s’sn5’-A�\iP. Absoorbance

changes at 340 minuswere mu’soonitmred four 10 ismini tci give both the initial amid finstsl absourbanst’e. A nsuensubranie-
ccoated Clark oxvgemu e1et�’t roode was used too tletermiiinse ooxvgens o’ounsomnsupt ions ims a sins’silar set oof sanssples.

Iii sto michuio unsuet nc’ st udic’s iuo’niourn’s’so’d is’s rat

liven m’ssit’ro)soin’ssmil suspen’ssiosss, t’xtren’sse t’a is-

ti(uIi iS m’secessarv in’s instenpreting the ro’su!ts

w’hei’s flit’ ahsorba-s’sco’ at 340 sits’s is usc’d as

the criferioisi tuf XAD1�H cosucentratiouu’s. ‘Flue

use of mu pyrouphousphuatmuse inhibitor in’s tlio’sc’

studio’s ‘svoiuld seems’s to lit’ no’ccunsn’s’semsdc!d.

‘Flit’ Icurnistutiomni c)i N1\INH mcm’s NAD1�H

alstu raises as’s additituuial c(in’splicafiouli in

St udies 0 of ro’cluced pynidinic! msncleo of ido ‘ re-

quiren’seuuts ft-un cyfochnonue P-450-catalyzed,

s’s’sixed-ftnl’sctitum’s ooxidat it onus (7 , 8) , an’sd t he

full effc’ct- ouf NI\IXH boonms’smutiomu fromsu, tumid

action’s tin’s, the oxidatiosu tub NADH asic!

NADI�H sueeds too be investigated.
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